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Abstract 
The aim of the study is to develop tissue equivalent CVD diamond based dosimeters with a carbon based 
electrodes. We have initially studied the dependence of induced X-ray photocurrent amplitude and time response 
as a function of electrode area under broad beam X-ray irradiation. For this purpose, we have fabricated circular 
electrode sandwich tested structures based on thermal grade polycrystalline CVD diamond with different 3 
diameters. The X-ray photocurrent increases with increasing dose rate sub linearly. Although the photocurrent 
increases with increasing electrode diameter, the increase in current is less than expected from the increase in 
active area. To further investigate, a small detector based upon 4 separate circular pad was tested for sensitivity 
with respect to detector area, applied bias voltage and incident x-ray doserate. Additionally the rise time of these 
detectors was evaluated with respect to the same criteria from these tests there was a non-linear relationship of 
under response between detector area and sensitivity under broad beam irradiation, the cause of which has been 
attributed to edge effects, supported by the results from collimated beam measurements. The results from the rise 
time tests appear to indicate that the time dependent components of the detector response are affected primarily 
by the applied bias upon the detector and the quality of the material, with additional doserate related effects 
scaling with bias. The higher quality material was found to have a far greater dependence on applied bias than 
the lower quality sample, which varied little. 




Diamond is a very interesting material with many exotic properties. The large band gap, radiation hardness, 
optical transparency, large saturated carrier velocities and low atomic number of diamond all make it a very 
attractive candidate for applications in radiation detection. (.Manfredotti, C., et al, 1998) In addition,  Diamond is 
a very radiation hard material due to the strength of sp3 bonds between carbon atoms. This gives potential for 
diamond in extreme harsh environments like nuclear reactors, accelerators and space applications. In medical 
applications, diamond is a promising material because its Z number is very close to that for human body tissue (6 
and 7 respectively)( Guerrero, M.J., et al 2004, Knoll, G.F. 2010).  Also, it's inertness makes it safe material. 
Due to its physical properties, diamond is of great interest for use as a detector material. It has a robust structure 
of chemical bonds leading to exceptional hardness to damage from ionizing radiations and chemical reactions, it 
has an atomic number (Z henceforth) of 6 when compared to an effective Z of 7.4 for muscle and 5.92 for fat 
(Attix, F., et al 1968) resulting in superior tissue equivalence for dosimetry compared to its alternatives such as 
silicon. Diamond possesses a relatively wide band gap of 5.4eV, allowing use as a solid-state ionisation chamber 
which is relatively insensitive to visible light with low noise at room temperature, though this relatively wide 
band gap also sacrifices energy resolution in spectroscopic applications (Manfredotti, C., et al, 1998). Diamonds 
also have additional applications as a thermoluminesent dosimeter (Guerrero, M.J., et al 2004) as a consequence 
of deep traps in the electronic band structure of the material. Many of these properties are already exploited in 
diamond detectors based on highly selected natural diamonds, but suitable samples are rare and thus, particularly 
expensive. As a consequence of this, there is particular interest in artificially produced diamond for dosimetry 
purposes. With modern synthesis processes based on chemical vapour deposition, the resulting diamonds could 
prove to be both cheaper and better suited to dosimetry purposes if properly characterised, particularly for the 
single crystal types of diamond. There are additional upsides in that the consistently producible material may 
also be tailored for a specific application by manipulating the levels of impurities, such as nitrogen,( Schirru, F., 
et al 2007). The nature of the synthesis process for polycrystalline samples permits the production of a versatile 
range of geometries. This ranges from thin films for wider area detectors down to very small but usefully 
sensitive samples grown onto a small tip, to improve spatial resolution. The previously mentioned lower Z value 
and capacity for manufacture of thin films also suggests that diamond would make a better transmission mode 
detector, particularly with carbon type electrodes employed, when compared with silicon or other heavier 
semiconductors. There has been significant development in the field of synthetic diamond dosimeters of both the 
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thermoluminescent and direct measurement type and several geometries have been studied in the literature. 
Some of the common findings can be summarised as follows. For applications as an offline thermoluminescent 
detector manipulating the nitrogen concentration is the main way of influencing its response, particularly for the 
applications with single crystal diamonds (Guerrero, M.J., et al 2004, Schirru, F., et al 2007). That for use as a 
solid state ionisation chamber detector grade diamond is sufficient to produce a useful dosimeter provided it is 
properly encapsulated, and can even be found to be superior or competitive with natural diamonds ion chambers 
and silicon diodes for selected energy ranges (Guerrero, M.J., et al 2004, Manfredotti, C. 2005, Manfredotti, C., 
et al, 2001, Lansley, S., et al 2011,  Buttar, C.M., et al 1997, Betzel, G.T., et al 2010, Almaviva, S., et al 2009, 
Bruzzi, M., et al 2004). It is almost always concluded that the priming effects of diamond are a limiting factor in 
their suitability, but once primed it is a suitable material (Guerrero, M.J., et al 2004, Manfredotti, C. 2005, 
Bruzzi, M., et al 2004, Whitehead, A.J., et al 2001, Marczewska, B., et al 2001, Lei, L., et al 2012, Adea, N., et 
al 2014 ). As a material for dosimeters single crystal diamond will exhibit better linearity due to the distributions 
of traps, with near perfect values achievable (Betzel, G.T., et al 2010) , whereas polycrystalline samples 
generally have lower values (Marczewska, B., et al 2001) due to the grain boundaries. Rise times have been 
found to vary with both applied bias and exposure, increasing with respect to the first, and dropping with dose 
rate (Betzel, G.T., et al 2010).  When operated in photovoltaic mode, single crystal-based detectors are found to 
have rise times comparable to ionization chambers (Almaviva, S., et al 2009). The scope of this work is to 
extend the method to the characterization of Poly Crystalline CVD diamond metalized using a metal contact 
(Aluminium) (PC(AL)) with three circles of diameters 2, 3.9 and 5.9 mm, and to show the different between 
them with I-V measurements, X- ray photo current, the delta value (the deviation from linearity at fowler's 
equation) and the Time response (rise time and fall-off time). This work looks at the effects upon various 
performance parameters for a film type polycrystalline diamond sample deposited with symmetrical sets of 
circular pads, effectively creating 3 detectors of very similar parameters except for a variation in active area as 
determined by the contacts. The parameters investigated include the relative sensitivity, linearity, repeatability, 
and time dependent response effects as functions of the detector area, incident x-ray flux and detector bias. For 
purposes of comparison some of these tests were also repeated upon a second, smaller diamond film sample with 
a set of different sized contacts upon it. The response with respect to area of this detector in a different mounting 
configuration was the motivation for this piece of work; to investigate whether the observed effects were unique 
to that particular sample or related to some underlying systematic process. 
 
1. Experimental methodology  
The detector was manufactured on a polycrystalline CVD diamond with dimensions (3x(5,4,2mm)for (Sample.2), 
which was produced by( ELEMENT SIX LTD (UK). The sample was cleaned with 60 ml of hydrochloric acid 
(HCl) and 20 ml of nitric acid (HNO3). Then, both the top and the back surfaces were metalized by thermal 
evaporation with 100 nm thick of aluminium (AL) with three circles of diameters (5mm, 4mm and 2mm). The 
device was mounted on printed circuit board (PCB) with dimension ((2.2 x 1.6) cm2and 1 mm thick) using a 
small dot of gold paste on the centre of the three deposited circles. Three gold wires (25 µm thickness) bond are 
fixed on the top of three circles contact using Conductive Silver Epoxy. This was done by using a microscope, 
the tip of the wire holding the very small amount of glue was lowered on top of the AL contact and secured there 
for 3 hours until the glue had dried. The other end of the gold wires was connected to their corresponding copper 
pads on the PCB using silver paint. In same steps, Sample.1 was manufactured on a polycrystalline CVD 
diamond with dimensions 4x(7,6,6,5mm).  Figure1. has shown the four devices (Sample.1) and three devices 
(Sample.2), The pads are connected with standard electrical wires connected to a BNC bulkhead connector, 
which controls which device will be measured by changing which of the wires is connected to the port. A fourth 
wire is used as a ground device. During the measurements and analysis, the pads on each detector have each 
been referred to by a single letter, as shown in Figure 1. The letters A-D correspond with the pads on the larger 
sample; labelled clockwise from the largest pad such that A, B, C, and D correspond. with pads of 7, 6, 5, and 6 
mm diameter respectively. E-G correspond with the pads on sample 2 and are simply allocated in biggest-
smallest order, so E, F, G correspond to pads of 5, 4, and 2 mm diameter respectively. Table.1 has Summarized 
the information about diamond samples were used. 
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Figure 1. Diamond samples(1&2) as used in the experiment. 
 
Table 1. Summary table of information about diamond sample used. 
Sample Material area thickness Pads 
1 Detector quality 20mmx20mm 0.3mm 4x(7,6,6,5mm dia)
2 Detector quality 10mmx10mm 0.5mm 3x(5,4,2mm dia) 
 
1.1 Measurements 
For all measurements taken and commented upon, the setup used was as shown in Figure.2, with the samples 
mounted into a metal box with a tape window to minimize light effects, and a black cloth placed over the entire 
setup to further reduce any light ingress. The x-ray source used was an Oxford instruments manufactured tube 
with a molybdenum target anode. The tube was operated at 50kVp for all measurements taken, and the tube 
current varied to vary the detector’s incident doserate. The tubes maximum current capability of 1000µA was 
employed for all measurement series where tube current was to be kept constant. A range from 1000µA down to 
50µA in 100µA or 50µA steps was used where tube current was the varied parameter. Due to the properties of an 
x-ray tubes dose output being linear with the tube current, references to doserate in the results are based on it 
being directly proportional with tube current, which was varied, and the distance between tube and detector, 
which was kept as constant as possible to provide a range of doserates to the detector. To account for the effect 
on apparent detector rise times that the x-ray tubes own transient response will introduce to any measurements, a 
silicon PIN diode, Hammatsu model s1223, was exposed at a variety of tube currents, the results of which are 
displayed in Figure 15 with the related diamond results. For the un-collimated measurements, the tube and 
detector were aligned such that the centre of the detector was roughly centred upon the square of the diamond, 
with no particular attention paid to centring the beam on any one pad. For the results using a collimated beam a 
12cm brass tube with a 2mm hole was used, and was placed as close to the x-ray tube as was practical whilst still 
allowing alignment to be performed. To accomplish the required fine alignment, a bright LED was placed in 
front of the x-ray tube window and used to illuminate a spot on the detector through the collimator. This was 
then manoeuvred as close to the centre of each detector pad as possible (as judged by eye) using the adjustable 
mounts on the optical bench. Due to the varying time-dependent effects on the current signal under irradiation a 
consistent protocol for exposures was required. Based on observations from the initial familiarisation testing runs 
it was decided for the highest bias case that 30 seconds per exposure was sufficiently long to have achieved near 
stability in the response of the detector, and to still allow a practical number of measurements to be taken. The 
acquisition of current-time plots from the Keithly 487 picoammeter/voltage source was done using a provided 
LabVIEW VI known as “testbed v3”. For measurements on the time-dependent effects, it was necessary to 
disable the default averaging across 10 readings followed a wait of 1000ms between each. To obtain a useful 
level of time resolution for measurements on the transients involved, the averaging was set to use only a single 
picoammeter reading with as little delay between measurements as low as the program would allow, resulting in 
a time between measurements of approximately 260ms. This change had the apparent effect on the results of 
increasing the noise, but is justified in that it better represents the actual noise on the detector, which is of 
particular interest for a dosimeter. 
 
Advances in Physics Theories and Applications                                                                                                  www.iiste.org 
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) 





Figure 2. Experimental apparatus as used for reported measurements. 
 
1.2 Data Analysis  
In order to efficiently and consistently evaluate the volume of data gathered, a LabVIEW VI was constructed to 
do the analysis, taking the mean peak current, standard deviation in the mean and rise time in a semi-automated 
manner, based upon a selected data range around a peak on a displayed graph of the data, as depicted in the 
example in Figure 3. 
 
Figure 3.Image of LabVIEW VI used to process data, showing the selected time region in green highlight and 
the intervals over which the mean and rise time are calculated, in purple and red respectively. 
 
The mean peak current measured as an average of the current amplitude over the last 15 seconds of each 30 
second exposure, where the current is found to be suitably stable, defined by the manual positioning of a cursor 
at the time position of the clear signal transient where the current drops due to the switch off of the x-ray tube. 
From this mean it was then automatically calculated the 5% amplitude accounting for dark current and the 95% 
amplitude for which time positions are automatically calculated. The difference in these time positions is given 
as the rise time. The standard deviation was also taken over this interval used to calculate the mean value. After 
extraction of the values from the raw data, there was averaging carried out on each run of repeats to give a final 
set of values, with an estimate of the error and a signal-to-noise ratio. 
 
2. Results and Discussion Measurement Reproducibility 
Throughout the measurements taken for this study there were problems with random instabilities, some of which 
were attributed to the setup. There was found an instability with the flux that became more pronounced with 
bigger pads and low fields in which; during a normal exposure the signal would go from stable to having 
unexpected noise on a level close to that of the signal after a short time interval, though this was not found to be 
a reliably repeatable finding. Sample 1 was also found to, following numerous series of exposures, suddenly 
‘snap’ and generate noise of a magnitude capable of suppressing any signals which persisted even in the absence 
of any incident x-rays. The only solution to this was found to be breaking off measurements for the day, after 
which the detector appeared stabilised from being left unbiased and un-irradiated overnight. 
 
2.1   IV measurements 
The I-V dark current measurements on each of the detector pads revealed the equipment to be working as would 
be expected for a high quality detector. For Sample 1, shown in Figure.4, dark currents of around 200pA at 120v 
bias with very little deviation were achieved once the initial issues with the mounting system generating excess 
noise were solved. This was found to be adequate to give usable signals across the range of doserates tested, 
Advances in Physics Theories and Applications                                                                                                  www.iiste.org 
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) 




provided it remained stable. It can be observed that whilst the dark currents appear to follow the size of the pads 
in their magnitudes, the response from Pad A is not 1.3 times the responses of pads B and D, so it is not a simple 
linear variation with area. The results for Sample 2, as shown in Figure.5, reveal the possible inconsistencies in 
the quality of the material. There is a dark current roughly 12 times that of the others on the detector for the mid-
sized pad. The others demonstrate a dark current smaller than that observed in the other detector at similar fields. 
These other pads were additionally found to demonstrate a negative dark current, so the smaller dark current at 
maximum here may stem from time-dependent polarization effects or similar, as there was not time to do a in-
depth set of measurements on this sample. 
 
Figure 4. Results for IV measurements on Sample1. 
 
Figure 5.Results for IV measurements on Sample 2. 
 
2.2 Current vs. Dose rate measurements 
 
Figure 6. Detector photocurrent vs. x-ray tube current for Sample.1 (120v bias and 60v bias), no collimator. 
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Figure 7. Detector photocurrent vs. x-ray tube current for Sample 2 at 200v bias, no collimator. 
 
Figure 8. Detector photocurrent vs. x-ray tube current for Sample.1 at (120v bias and 60v bias), with collimator. 
 
Figure 9. Fowler fit ∆ parameter with respect to area for figures 6-8. 
 
From the photocurrents obtained with varying x-ray tube current (to vary doserate)(Figur.6,7,8), it is seen that 
each pad displays a response of the expected from photocurrent in addition to the dark current increases with 
increasing doserate. For every pad tested across both samples, the photocurrent was found to deviate from 
linearity with respect to doserate across the tested range.  
As predicted by the Fowler relation (Fowler, J. F.  1966) (For solid state ionization chambers, the Fowler 
relation is often used to describe the relation between the current generated and the doserate, in the form of a 
power law fit: 
 
where I is the measured current out of the device, Id is dark current of the device, R is a scaling factor for the 
response, Dr the incident doserate on the device, and ∆ being a measure of linearity, accounting for any 
deviations from linear response)., this non-linearity is quantifiable as a power fit on each current-doserate trace, 
the parameters of which are graphed as a function of area in Figure.9. For Sample 1 (the 4 pad, thinner, larger 
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sample) this non-linearity exponent was found to be between 0.73 and 0.81. Sample 2 (the 3 pad, thicker, smaller 
pad, smaller sample) was found to have an apparently better linearity with the exponent being around 0.9. From 
the data, there is no visible certain dependence between this value and the size of the pad. For the larger sample, 
there is an improvement in each case between the low bias and high bias measurements, with the higher bias 
having a ∆ closer to 1. This can be possibly attributed to the improved charge collection characteristics and 
lessened recombination effects in the presence of a stronger field. As the bias voltages were chosen such that the 
field through each sample is equal, the improved linearity may be attributed to differences in the diamond 
between samples. From the collimated results there is a visible over-response of one of the medium sized pads. 
This result was still visible when the collimated results were repeated(Figure.8), suggesting that it is not simply a 
matter of misalignment of the collimated x-ray beam but a property of the detector. Potentially as a result of 
spatial variations of the diamond material in the pads sensitive area, which would be averaged out in broad beam 
irradiation or, an irregularity in the metal pads and associated wire bonds boosting sensitivity for a small spot. 
For the second sample it was found that the dark current for the medium sized pad was around 10 times that of 
the other pads, indicating similar spatial effects or fabrication defects could be involved. For the Sample 1 
measurements with a collimator in place, aside from the apparent over-response of one of the pads, there is also 
an apparent improvement in the delta parameter, this improved linearity could simply be due to the lower 
doserate range studied due to the collimator leading to lesser x-ray fluxes on the detector, but could also point to 
edge effects in the detectors being involved, and warrants further investigation. 
 
2.3   Current-Bias Measurements 
 
Figure 10. Detector photocurrent vs. bias for Sample.1 pad c at 1000µA tube current, the multiple series are for 
results taken in different sets of measurements. 
 
        
Figure 11. Detector photocurrent vs. bias for Sample 2 pad F at 1000µA tube current. 
Figure.10  and 11, show the results as obtained from measurement of photocurrent on a single pad on Samples 1 
and 2 respectively, where the incident doserate on the detector was kept constant and the applied bias varied. As 
is expected the current obtained from the samples increased with the applied electric field, but the response was 
not linear, with a power law fit ∆ of 0.69 for Sample 1 and 0.46 for Sample 2. This difference in linearity with 
respect to the applied electric field serves to illustrate the differences in material quality alongside the results for 
current with respect to doserate. This difference serves to indicate that there is a more pronounced effect limiting 
the velocity and effective internal field in Sample 2, and that the effect as seen in Sample 2 is subject to a greater 
increase with increased electric field. 
 
 
Advances in Physics Theories and Applications                                                                                                  www.iiste.org 
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) 




2.4   Area measurement 
 
Figure 12. Sensitivity vs. pad area Sample 1 at 120V Bias, each series corresponds to a tube current in µA. 
 
Figure 13. Sensitivity vs. pad area Sample 1 at 6V Bias, each series corresponds to a tube current in µA. 
   
Figure 14. Sensitivity vs. pad area Sample 2 at 200V Bias, each series corresponds to a tube current in µA. 
When the sensitivity is presented as a function of area (The sensitivity defines the expected output 
response from the detector for a given incident doserate) , as in Figures 12-14, the non-linearity of the response 
with respect to both doserate and detector pad area are apparent. At the lowest doserates there is a visible 
diversion in response between the two medium-sized pads, which converge in response as the doserate is 
increased. As can be seen, there is a clear increase in sensitivity for the lower doserates, contributing to the non-
linearity in photocurrent and lower Delta value. The same results may be seen for Sample.2 as in Figure.14 with 
a similar non-linear relation between pad area and sensitivity. However, due to the improved linearity there is a 
much narrower divergence between the series corresponding to each doserate. Notable is that the apparent 
direction of the curve of response for each is in a different direction, though due to the limited number of directly 
comparable data points it is difficult to form any certain conclusions about this. From the response seen in the 
collimated measurements on Sample 1, where each pad had an equal sized area in roughly the centre of each pad 
exposed, the response was found to be independent of the pad area. This result is exactly what would be 
expected, as it effectively treats each of the pads as the same size. This suggests that there may be additional 
effects present at the edge of the detector pads that are detracting from linearity in size. If there are edge effects 
present then the results here may also suggest that they have some dependency on the incident doserate, due to 
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the improved dose linearity across all pads when collimation is used. 
 
 
2.5   Rise Time Measurements 
 
Figure 15. Rise time as a function of x-ray tube current for the x-ray tube itself, as measured by a silicon PIN 
diode. 
 
Figure 16. Rise time as a function of x-ray tube current for Sample 1, measured across all pads at 6V and 120V 
bias. 
    
Figure 17. Rise time as a function of x-ray tube current for Sample 2, measured across all pads at 200v bias. 
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Figure 18. Rise time as a function of applied bias for Sample 1, measured for pad C at 1000µA tube current, the 
different series’ represent results from different sets of measurements. 
 
Figure 19.Rise time as a function of applied bias for Sample 2, measured for pad F at 1000µA tube current. 
 
Figure 20.Overlaid current-time traces from Sample 1 scaled to same peak magnitude. 
 
The results in Figures 15 to 20 show the results of the investigations into the effects of doserate and applied bias 
voltage on the response time of the detector. To allow compensation for its effects, the x-ray tubes own rise time, 
with respect, is quantified in Figure 15 at lower tube currents there was found to be an increasing rise time which 
stabilised at tube higher currents. This result can be used to explain the observed behaviour as seen in Figure 16, 
for Sample 1; the rise time is largely independent of the tube current and so doserate, with the only apparent 
reduction in rise time due to tube current variation coming from rise time of the x-ray tube itself. This is 
absolutely confirmed by the inclusion of the collimated result series, they follow exactly the same pattern and 
rise times with respect to tube current with the same applied bias despite their photocurrent, and so doserate 
being between one and two orders of magnitude less. This result also indicates an area independence to the rise 
time, the only factor significantly separating the various series’ for Sample 1 is the applied bias. Figure 18 shows 
the result on the rise times from varying the bias voltage, with a fixed x-ray tube current. There is an increase in 
the rise time of the detector after which it appears to plateau. As shown in Figure 18, this plateau in rise time 
does not correspond with a plateau in the sensitivity of the device, which increases with a near linear response 
across the tested range. If the shapes of the transients after the tube is turned on are compared, as in Figure 20, it 
can be seen that there may be a relation where there is a fast initial rising component and then a second, curved 
component which becomes more pronounced with increasing fields up to a point. This observed undershoot that 
leads to the extension of rise time is often attributed to the presence of the shallow defect levels (Guerrero, M.J, 
et al 2006) , which may start to empty whenever the detector is not under irradiation. It is additionally known 
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that the efficiency of the priming effect is dependent upon the applied detector bias (Mersi, S., et al 2004), with 
decreasing efficiency in priming as the bias is increased. From the combination of these principals it is apparent 
that it will take longer for the signal which is produced by a higher voltage to overcome the signal reduction 
effects that will be present until the shallow traps are again filled. From this explanation, it is not apparent how 
there appears to be an independence between doserate and the rise time, as 10 times the dose should logically fill 
the same amount of now vacant traps 10 times faster. From Figure 16 there is a much wider spread in rise times 
seen for the 120v bias measurements than for the 6v measurements. This could be used to argue that there is 
some level of doserate dependence in the rise time; it is just not clear from these results. This would agree with 
what has been seen in the limited literature available, and that at the low bias has a sufficiently small impact on 
efficiency to enable even the lowest measured doserate to have saturated all the available traps in a very short 
space of time. This reasoning cannot easily account for the plateau in the rise times however, as the reasoning 
behind the increase in rise time suggests that until unless there is some manner of velocity saturation occurring, 
the rise time should continue to increase with field, and the maximum employed field here is likely insufficient 
to cause this. It is 4000V/cm with the plateau occurring at a field of 2000V/cm, significantly less than the figure 
of 10 kV/cm needed. There is in the literature, an alternative, extended suggestion for the nature of this process 
that may account for this, however. It is suggested (Bergonzo, et al 2007). that this response can be attributed to 
the effects of shallow trapping levels that are subject to constant thermal de-trapping, creating a reduced internal 
electric field that takes time to settle by priming. It also suggests that for high quality material the created charge 
carriers are capable of reaching the contacts within their lifetimes at higher fields, giving rise to an additional 
injection photocurrent. This will again take time to stabilise and is thought to be the dominant contribution to the 
rise time at higher field strengths. If the bias where the rise time appears to plateau is sufficient to give a charge 
collection distance such that this injection photocurrent becomes significant, it could possibly serve to counteract 
a reduction in priming efficiency from the increasing field. This addition still does not entirely account for the 
apparent flat response of rise time with doserate, and still requires the assumption that there may be decrease in 
rise time with added dose. In terms of the results for Sample 2, which exhibits an apparently flat response with 
respect to doserate, as in Figure 17, and a rise time that may decrease with increasing bias as in Figure 19. The 
theory as put forward in may best explain this. If the material has a higher concentration of defects or impurities, 
as would agree with the current response of the device, then it is possible that there is a more significant electric 
field from polarization and deep trap priming present, opposing the externally applied field, giving an effective 
low internal field that does not perturb the very rapid priming even at low doserates. The response with respect 
to the applied field can also be accounted for by considering that the larger concentration of traps will restrict the 
carrier mobility within the material, so leading to minimal involvement from injection currents. Additionally if 
there is a relatively strong internal field from polarization, the increase in the applied field may be resulting in a 
lower effective internal field, so agreeing with the bias rise time correlation seen in the results. 
 
3. Conclusions  
This work appears to confirm that there is an under-response to x-ray irradiation with respect to detector area in 
samples of diamond with a sandwich-type detector geometry. Limited testing with a collimated x-ray beam 
appears to suggest that it may be an edge-related effect, which is supported by the nature of the under-response 
and theory. To probe this further, future work could investigate the same sample but with a higher precision 
method of aligning fine collimated beams to look at the effect of moving a small effective pad to near the edge of 
each real pad and quantifying the reduction, if any, in signal magnitude as the edge is approached. Alternatively, 
it may be productive to simply put multiple different sets of pads of varying sizes onto this sample or another of 
sufficiently similar material. Additionally, it was found that by varying bias voltage, the magnitude of signal out 
of the detector could be improved. But at the expense of introducing a time-dependent component to the signal 
which has a settling time significantly longer than the effects those seen at low bias, which are close to the rise 
time of the x-ray tube. Further understanding into the causes and significance of these effects, time varying, 
could possibly be found by verifying any effects of detector area and doserate or the absence thereof. It is 
suspected that the main factors determining the magnitude of the effect of doserate on rise time will be material 
quality, with a minor doserate component, so in particular the response of rise time with bias could be examined 
for multiple doserates in a similar manner to the single one here. Due to issues encountered with reproducible 
noise effects it might be suggested that the diamond detector as tested would not be suitable for use as a 
dosimeter, but further studies into its behaviour may offer more useful insights for detector design, particularly 
the effect of the size of the contacts in the widely used sandwich-type geometry and the effects responsible for 
the observed varying rise time. 
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